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(54) DC-DC CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stabilize the control 
system of a DC-DC converter which controls the 
turning-on period of a main switch by using an input 
voltage detecting signal and an output current detecting 
signal. 

SOLUTION: A DC-DC converter is provided with a 
digital control section 2 which inputs an input voltage 
detecting signal VS outputted from a voltage detecting 
section 3, when the section 3 detects an input voltage 
Vin and an output current detecting signal IS outputted 
from a current detecting section 4 when the section 4 
detects an output current lout. The control section 2 is 
constituted for controlling the turning-on period of a 
main switch 1, in such a way that the section 2 makes 
the period shorter when the input voltage Vin rises or 
output voltage lout decreases and longer, when the input 
voltage Vin drops or the output current lout increases. 
In addition, the control section 2 suppresses the 
fluctuation of the output voltage Vout due to the 

temperature by controlling the turning-on period of the main switch 1 which corresponds to the 
temperature-detecting signal TS of a temperature-detecting section 10. 
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(57) [Stil 

Uty>f>^^-> ^tD*>»JPfl £$USPT£ D C/DC =1 

ftU/cA#mE&tfJfi^VS<h, W*«U»4«: < fc0tB 
lout **fflLfcW*«iSHftta«-q- 1 S ££A 

n©Jb#(Cj:9Jg< 0, TP4tc<fc , 3fi<U MofcH;^ 
SI o u t <D*ilJIKCJ:gg< U M^HCJ: 0^<T^J: 
^«c»iJ»-rs«|fiS*fl|^r^S. MIC SKK:J:£fcH;fr 
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'I 

(2) 

1 

tti*«E*$^bT* DC/DC n>^- £lcSH>T, 

*tiia«»ttHifi^<fc*A;&U A^iIEJ-P^t^* 
>JHIB*«<, T»«:J:D*»BIB**< U ffi*«8E 

^ ^^■(D*>S8H«:*iJIBl-r-57 r ^ ^*JMMtffl^£«£fc 
Ct*»ai-rSDC/DCn>^-jr. 10 
[»3fc® 2 ] fiia-r * 5? * ^SWSPtt, mjiaHE&ffi 

»»*tf 5 en@B <b *. /c c <b 

lfBiS<DDC/DC:n>^-* 0 

[ 3 ] SulB-r ^©J^cDMIBSfffflJ 7 

-r^lS*3SlX«2BBi8©DC/DC=J>^-^. 
[ii^ii4] MIB.f r -r^^^$lJW§{5«. B«ieA**E 
i BUlB!±i^m8£^a«# t «:SCCBfriBSiJtair - 
^^#MLTfjlB^ A>*A v ?<D*l'Mm%:®m? 

«<b-rSIB*311X«2Xtt3fB*SC0DC/DCn>^ 
[ ifsRjg 5 ] fjlB ^£ ^I/*iJIBISP<Dh« IBSfliS r - 7 
^B3faa*«S£K:*tT4BJiB^ -f A y 

stT^Buia^ a a v ?o*>wm<Dmwm j %*m< 
bxi&Mbtcc tzmmt-rzm&m 1 71s 4 ©raft* 

iraiai8<7)DC/DCn>^-^ 0 40 

[ m^m 6 ] Mia ^ * ^ £ ^Ma^offirevjfB f — :/ 

Jl/tt. WE«E*UlSP<DA**E*ffl«-^<b. ftufaHS 

-r £ c <t i -r z>m$m inmsowtifri mm 

CDDC/DC3>^-j? 0 
[0 0 0 1 ] 



ftffi¥- 1 1 - 1 3 6 9 3 8 
2 

ajjmhl&x a v*^#mmc£^x&mti,tcmM<o 

tB^aSEi-TS DC/DC 3>^*-^«, mc&itofii 
»fHb£*-iTl>£ 0 C©J:56:DC/DC3>A-^ 

[0 00 2 ] 

(FET)«(c«f:Sy^>^-f '^SWtciot^, 

«c<fcot?ML, a^Offitt©tH*«EEVou t*tt 
^c, $Uffll[p]S§ (CONT) tcJ:0^>T>^^ ^SW© 

*>wpa*ig»m#p itcJ:or$ijiai*r^fecD-c*^o 
[0003] in*>. tB^mEv out 

>xjv?sw<D*^mmz&<?z£5fc$mi,x. 

[0004] xm**a*ttfflr swfc»m»*»w. 

ou t ^1T? t r D C/D C 3 - ^ *ss-ri>* 

[ 0 0 0 5 ] M 1 2 «fi£3fcW<7)-/-X h ^ ZffijR 

Rust? zzf-z b zffif&<Dmwmx$>v) ^ 

(A) te7~Xt^>^-Zftj&<DmU*ff;L* Cite 
A^)fflJcZ)=i>f r >1f v L«'J7^h;k SW&£y^>J* 

ONT«$!J»Ip]^ V i n«AAiE, V o u t IZft?) 

[0 0 0 6 ] UT^ h;ULi^-T^- KDi^A^S^F- 

>x-Y y ^SW4JglKO/c»i3Er*0. WfKHBCON 

^n^ 0 X^rtffln>r>-^C2(D^mmEte. 

- t'DicttLxmjjftmKtLxmmznzftz. *> 

[0 0 0 7 ]^CC. ^-/>^^^SW^^7it^, 



3 

t, m^com±<Dti!>jjmj£v o u t a^hjev i n 

MEV o u t ^*Uffli[B]^CONTCCj:r>r^fcBU. i£ 
^U/c— ScDtB^EVou t <b&£<£5K:, 
^ * * S WAD* >JWIffl*W»-r £ C £ £ Q 
(0 0 0 8 ] XMl 2<D (B) tt, X**:/-* hn> 

^-^»St©sss*isu. (a) tm— nmzm— <d% 

^7^SW<by^*-FD<!:*iiJ»JW{C»ittO, -ecDjg 

oNT(t mmom&cD&jjmKv o u t £&£Hlt v 

[0 00 9] ^Lt, ^^>X-{^SW^t7it^ 
mEJ&SBSfi U . y -Y * - F D CC JttfrlajmEtfEPfln 3 ti -5 

(H9CD (A) <E>»^<£K*f«1£) CC^H^nr. ^<£> 

[0010101 3««£3fcfWD^ ?£:3>^~ 
^7t7-F3 >^'- 5ffif&<D1&WmX'& 9 . ( A ) « 

[ooi i ] jijiSHKcoNTw. 0^<D«tt©attja 

EVout^llilt, K£0/cSE<fc&*J:5K: v ^ 
^n^mEEVLti, VL = V i n - V o u t £&*). *J 

=3>r : >ifC2^m^ns 0 

[0012]^lt, ^'f^-f^SW^itS 
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4 

n itB^mSV o u t ±<DmftlC$£r>tct><D£tj:K). m 

[0013lXil3(D(B) tt7*«7-K=i>^-* 

X^yfSWMU A^ffi^0Cr3>x>-^C 
i&U ©JiS@SSCONTtCj:0^^>X-/ ^SW§^ 

10 [0 0 14] ^>X-( v^SW£*><tUfcC<Ltt:<fc 

x¥-mm^zs?z/vc2<Dm^<Dw^<DWk<DmK 

^W^KBEVou t <b&£ 0 S0t»@fSCONT«, CO 

[0015]^^>X^-^SWW7<!:T^i, b 
?>XT(DZL'X%MN2<Dm&mK<DfemZ&U?Zfr 
?4*-FDaW*m}3ft* F D b KttJH 

fln«Ett* FDaiCcfcorpi±^fi^ 0 xur 

30 [0016] 

b^v*mw%i7 5mj&zm?2>t><Dx\ c©7^f 
mmKt<DM&&mw)mEmmicj:r>xt%mL* 

[0017] 

[ifll^M^T^/c^O^g] **!8©DC/DC3> 

so j: o ffl*mE*$5£{b-r s dc/dc3>^-^ cc^i^ 



5 

CCJ:0*>JHH1*S<. T«fC<fc9*>JBH!*:*< U 
ffl*«SIWilHI«cj:0*>Jt8HI«:fi< . «d>Ccj: 9 *>JH 
Pfl«rS<Or. IWBta*WE«r3cSjfcr*«I:5«c, file 

[ooi8ix(2)f^ y*^wwaJ2 SE&tB 
«3©A*wE*«ti©-9<h. *««iiHaj4(Dai*w*ift 

[0 0 1 9 ] X (3) > i ^;U$iJ®a52(DSiJfflJ^--7' 
[0 0 2 0] X (4) TAV>Z)\,fflmW>2te.. A*«E 

cc, if>^y>^}asc[>aEttasp3 0A**BE«aj 

PJ*«iE-r **fi£«r«x.-5 C i #r>* £ 0 
[ 0 0 2 1 ] X (5) ^^;l/*iJffl!gB2<DSiJ8Pr— ^ 

^ 3 - * n 4 jiitci&nzni&cD^mmmicmi 
^fjiBtB^mficc^-r^^ ^ ? ^ i cD^>fiiracD 
©J® ft -if tt*t L r , jfiRSMUcfct* & W^iMSccat-r £ 

i©*>jBpa©*ijtaim#*ffl< crts,^ 

[ 0 0 2 2 ] X (6) r ^ ^^;l^$iJfflJ^2(Z)$iJiSJ7 ; ---y 

4<DtB^/mffi«iffiffi^i, astsasui o <DisfitttBfg 

[0 0 2 3 ] 

tcm^mL, U*jt4l>s\4 2te7 : 4i/$)im 

anas. 3«mE«fflsu, 4«m^tBgp. 5&*h^> 

So 

[ 0 0 2 4 ] * 4 >;W l ^ccjrS h5 

>X 5 ©:i;to£fiM)RjatSE£ $ IC£ 
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6 

EVou t ZntttrCtUliU-fZy^J^vZ^ls^-ZO) 

[0 0 2 5 ] CQmi&OlB&lClfc^XlZ. HE*££HSP3 
KJ:t>A;fcSEV i n*tefflLrAD^&0fcA;fc«E 

^tbft-^vsi, a««a«4tcj:0Hj*««i ou t 
* v> * )immm 2 a^jt s . r * ^ * jumspsb 2 « , 
-rsc<b*i-c#s*>(3[>*r*o. 

10 JWffl*. **WCCtt, A^JHEV i n<D±_mc£^xm 
<U T»*cJ:-orfi< XttWrtfifcl ou t or>*i Jjp 

So 

[0 02 6 ] BP^ y A*«EV i nitBMEV o u t 
±<DM%1*. * 4>X4 , h^>^5, 94*- 
K7, ¥»ffl3>f s >^8^»J5g«:»j£LT : F«&H3t 

EVou t tOMffitCoCiTfe^feSISTSCij^-car 
So fi£-?r. C(D<t5ftA*«EV i nt&Jjmtft 1 o 
20 u t iffl^mEVo u t £<3>M*|$te{tfiEoTy 4^* 

ou t^ifctsctm-So yjsmm<o <t ^ 

[0 02 7] X^E^Wa53 tt % A^J^E V i n CC^tjS 

^o^w^^f^^^^^ffifi-^cc^ur, a^? 
«E*tHfi-^vsi-rsci3&sr*-5. xmmk&%$4 

Ktttu*^i, AD9J»si*dtrtaa:«ttH»i o*sa 
astsifflm^Tstcse^ry 4^*4 oo^-> 

«8ia ^r*iJ8PT £ «tJ& i ~T S C t &X # 5 . 
[0028) 12 (iA^'lE^O'^l^i ^ 
40 d:«^ir^^ (a) tt % MIA^A^mEv i 
n, fflEttSr^jL-f-^ DU C^>WPa1/ (^>^Pb1h-^ 
7MB) J iL-CTnU. A*«EV i n^±^TStc^ 

Vo u t ^ftt^Ci^t^S. 
[ 0 0 2 9 ] X (B) tt, <f|H«:ttlA«% lout. HE 
HSfa-f^DU C5f>JtBM/ (*>»!PJ| + ^7ja 
Pb^) 5 tB^mSl o u t (DtittKt^Or^ 

>JBBI> < TS c iccj: 0 , lout© 

so ^bw:*t or fctH^aEV o u t €:-^{bTSc <h^r 



[0 03 01 ^3 te^gB^lliS^Jgffi©? 4 V> 
SSP12 1C. *fftttB8P3©A*«EEtfta«^VS<k, 

[0 03 l ] X©JfflJr--:/;u nit r F uxfl^tA D 
WS^DR^rtSffiU/c^OT, MOftHIS 1 2 K» A 

jtrtBEtettHi-^v s i «ttj«»fctti«*t I s tzmc. 
Xtti^fcttifi^T s *^«rc\ $iJWx-^;n icot 

02© (A) (C^tttticffiot, AMEV i n#_h 
ft#DR£^fcHU Xi20 (B) Ct^T#ttCcfi£o 

s»jwb-9dr*rhiu &t>mffi. \ ou t^jfe^r* 
nmm \m e x c *c j: o r , tusMmtt i 2 63hj$j 

V o u t ©RSj&JpJfiBr*^. 

[0 0 3 3 ] H4ttA**EEilH**»£f !r *-^-f i 
©M^KWH-C**). A^SffV i n^ffiHcDc<b< 

£. Xffl#SK& Iout^l a&ifiAriiJnb/cJft^ 

^tttfii^-car*. a*«s£ 1 out^i aj^T©*§^ 
a^mssi ou t cD^kcc^ur^^-^-Y du 
©^fb£A£< ^£<&g#&£„ ^cr k tftfjassi o 

utflM afcfflfcfcaSfflcDf^-fv DU (frfi®^-:/ 
JH l«c«tt-r*WJ»fi#DR) StMBWJffll^y^^ 

-r^DU <^>JHia) #J»*jEWCctfto^Sift«: % 
VJ8P -r- 1 1 (DiftglEtSS* **J»r £ C <h #r # 

[0034] m5&mfimm&&fc£z&fimKm®i<D 
*^>^bb. 2 2\%* 4^7.4 v*<o%mm 

88. 2 3«^VU^*iaH«-Sf*ffl*r^tt«S. 24 W 

gtt«s£#fe£s. 2 5 tenuis lout ^tta-rsia 
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8 

SPftfBS. 2 6 teffi^SfiK lout 2 

[ 0 0 3 5 ] ;W ^>^'a$2 1 ODffl^mjEV o u t # 

I o u tttBMMM2 0(DT-X{BfjCC?Sn^C tlctj: 
ft^T. «!S2 6iSIIWfig2 5<fc(Cj:0a*f* 
ou tiftffltSCi^rti. C<Dtti#«8£I o 

u t (D&mm-^ztmmEEv r <t orit$33i2 3 ttA^ 

10 J:b¥5m*«E*IE«i|5|?82 2^U7^ ?^>^ffl5 2 

1 -r >x ^ v ?<D*>mfflznwT& c t cc«ra. 

«Wecffl*Wfe I o u t©*HHfifCD*t?ffl 

ffl^WEVou t*— ^bT4»<Dffl#a*lJ 

[0 0 3 6] B6ttA**ffiffl^«»iJ;bt(WBE<bO 
H«K?HH-C*9. (A) »SS«88[«E<!:J:k«!«EV 
r <t<D^lM:^U (B) «KI*4J:b«aEV r 
CV) . ou t Cm AD £U A*m 

20 EVin [VD ^y-^iLt^ HStcSM^^tH^ 
HJEV o u t *— ffifbUfc«^©H«ffl«*7ft*-. CCD 
t§-£\ 0-2 0 0mACD[ilMgIouti l 10 — 2 
0V©A*IEV i n i(D«^OJ:b««BEV r ^r^T 0 
C<Di:bl5mEV r B, BftttSKfltEE^ 2 - 4 V<Dr B TO^ 
*!^WT^«^tCOC»r7nrt><Dr k C(7)J:b$5m/5V r 

S*fCC % ib*)»IBEVr^/jNSl^C<t« % ^vuxifi^ 

-r^xh. tH*«lSI out-jWSfflL 1 0 0m 

A«±<DB$(Z>ai^SEV o u t -^O^^tb^mEV r 

[003 7] ^oT. A^JlEV i n iW^SS I o u 

t±#£fbLTfc, ttiMEVou t*— ^b-r^stc 

tbSJ^EV (B) &t^T<£ ^ CC*iJiBirn«St* 
Citc^So gfl*>. A^IEV i niffl^im«£I ou t 
£ Cc fcfoS b tc> ifl^pff #3&$f# 6 ft £ 5 Cc©JIBir 

fttfftt^ciicfca. ffiMEVout^-att^a 
40 ©M^A^mffv i n tm^aift uut icc^u 

[0 03 8] EJ7 tt^WCDllffiCDffJSS©^ is$)im 

m&<om%m?!$> . 3 0 »aix«a[ % 3 n*y ^ >x 

^^SW^to^f^y^P. 3 2 «|gtt|p|8g. 3 
3«^n-fe^lf (CPU) . 3 4«$Wf-^k 3 
5. 3 6BADS»S (A/D). 3 7 (2atSPttfl6. 

3 8 r i temifommmomm. r i 

50 [0 039] igatm^ 3 0 A^mEEV i n £fflK 



(6) 
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Rl. R2CC<£9#EU AD^?ft|£3 5CCcfc9fw^ 
*^«#«c9E8fcOr^n-fe^if 3 3lcA;ftT£. XfiM 
3 8tcgt*&-r6;w ^^>^g|5 3 1 *>e> £ttttJ« 

SKRi, R3. R4i?g#iiitl^3 7 tlCjz&ffifittc 

ttA^rrs. 

[0 04 0] 4 mtf , A**EE 

v i n<Dtk\amm±&7 kux, m^sss iout© io 

V i n^l 7 Vt ffi^Uffi I out^lO OmACDBS 
0fa-f^5O%iTSc!:, $IJ®^-^;U3 4(£>V 

i n = 1 7 , I out = 10 Q(DT K UXCC, 7^-7* 
5 0%*^T«tSPm#DR*s«#i3n*. 

[0 04 1] 7*P-te ^ If 3 3tt. SUSP?— 7j13 4^6 
^ffiL/c$ljfi[Ift-^DRCCt¥oT|gSft[pIffi3 2^LTX 

®rT£t <hCCj:9, ffiMEVout^. Wilftlo 
u t^ftb/c»^rfe, XA^HEEV i nagEftbfc 

[0042] m&\ttmi<DmM<Dm2R&m3<DmM 

S) v CDTiifcfJ^Stfcl ou t€:«|ffir^^Sfe^mSP 
<Bl<DflF^4«:tlS> *7jrT. ttfc. A^HEEV i n 

TlC^£tt£fc(D£l,T. A^mfiEV i n^mmmuiy" 30 
^^^;l/*jafflDCTCCA*rS«fi£«r?nUrc^ 0 X 

(a) te^-xv^y^-zffif&icmmLtcmMvBm 
(b> wt/<* b ^>j*-%mmcmm 

[0 04 3] mS(D (A) <D:/-X h 3W<-*«JSEtC 
CDTCC«fcsaj;frKifcl o u t <E>t£|±Hi#£ a i> 2 

;u$WS[5DCTCcA^^nr. * 4>z4 -y^swco* 
>mmzmw?2>i><Dv. c<dj 4>*4 ^sw©^- 

£«EE#. -**f>;W ^SW4*7iWcBStc. A^7 
[0 04 4] CCD=J>f r >1fC 2 CDiS^mEE^^T^CD® 

mznz. xfra©Htt©ji5ffi<tH«K:. tubman o 

u t iAAIEV i n £<D$zmc$t&L,X . *r a V>$)\, 

mmuv c tic j: k> * 4 > x >f » ^ s w<d* >mm&m 

[0045] 8(7) (B) <D'<v*7-X hn>^'- 50 
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10 

£«j£CCSHvcfc. 0^©ffitt<DA:*J«IEV ini. 1 
S6Kffl8PCDT{cJ:^ffi*«8Si o u 1 <D&fcHfI#£# 
^-/^^JUSJtSgPDCTCCA^^nr, 

sw<D*>mm&mw2ti2> 0 c<dj 4>*4 ^sw 

<D*>fflPd1K:'JT^ hJL-MCA^EEV i ntej:4«8fc 

[0 04 6] ccommmm^m^xiy, a^keev i 

niffiAfS lout iicfctoEor. isZfrfflWSi 

DCTlc£^XJ4>X4 ^^SWCD*>J9ra*5©iai3 

[0 04 7 1 ^9 i**mM<Dm4Rvm5<Dmm<Dmm 

amWm-C%>*) . ^ 1 3 £|5J— tfr-^ttH—2|5#*:^U 
DCTtt^^^^J^iJtBlSB (Hl©W#2CCfi^) % C 
DT«ffl*«SSl o u tSr*HiT5«fi*«a9 (01© 

Era«c, A^miEv i n£&a?zmK&m^<Dmm 
^miEv i nzmmmc^jz/zjiftmuDCTtcAZ) 

^teCD^^r^U, (B) 7-K3>a'-^ 

[0 0 4 8 ] ^9(D (A) <D^<9 ^=»>^<-*«JS6C3SS- 
t^r, H^Q^ttOA^mjEV i ni, SiSlfetBSBCD 
TCCt-Sffl^mSEl ou tOtlWHfi^it^-f t?if^«l 
SPgPDCTtCA^LT, jtJZsXJ v?sw<D*>mm 

A^mEV i nicj:0 *J7t> b foL&ftbX rj>f r >1f 

- KD^^Lrn>T r >1fC2^^$n^ 0 C(D3> 
C 2<D«^*EjDsm^*JEV outi^l A^? 
«EEV i niW^miSl ou t tfcatfELr, x^S^^ 
^©JIWSPD C TCCfc «5 y >T >X 4 v * SV/<D*l/Mffl* 
m'fflLX . H^CDSttcDttJ^mEV o u t SfCJS^F 

[0049] 9(7) (B) Cf)7*7-K3>A-^fl| 
fiEtc»l>r. 0>n<Dffitt(DA*»BEV i ni, *86«ltB 
SBCDTfcJ:6fcB*SjSi ou t CD^tUff-^i^r, r-r 
^^;l/$iJSPSBDCTCCA^Or, S4>Z4 y?SW<D 
XlsfflfflZmffltZ* Z<D* 4 >X4 -^SW(Dt>ffi 

^-FDai'JT^ h^Li^LTn^f^iJ-C 2 
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n 



12 



<DfcfcS*HE V outit A^HJE V i n t iti^WgE 1 o 

[0 0 5 0 ] K^(D£jii6©^«tt:SH»T . -r ^SuU 
SflfflJSPDCTW:. ^ 3 ICTrk? J: *> CC. WfBf--^H 3 

[0 0 5 1 1 110 tt«ffittS8©tt^3i?BHr * 0 , 
(A) 'tela 9© (A) ®^^^.=i>^-*«JSJEK:SMfa 
ffi^miSI outi'JT^ h^SSl L<fc<DgEfbtt!BS 

X (b) ttaM^fcteWSf^-Tw AD^U 

< c ) »(h^*ev o u t (omtzmr. xt c mm* 

A 1 =AD • V i n • Tc/L 

[0 0 5 4] fflot, ffl^«S6 I o u ttf I I 2 *20 
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